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METHODS FOR INHIBITING GRAFT VERSUS HOST DISEASE IN BONE 
MARROW TRANSPLANTATION 

Background of the Invention 

5 Allogeneic bone marrow transplantation (BMTs is an effective treatment for many 

hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin Oncol 1:517-531; O'Reilly, RJ. et al. (1983) Blood 62:942-964; and Storb, T. et al. 
Semin. Hematol 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 

1 0 disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a general 
immunosuppressant, such as cyclosporine A or methotrexate (see e.g., Kapoor, N. et al. 
(1989) Bone Marrow Transplant. 4:153). Use of such agents, however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibility to 

1 5 infections. Another approach taken to minimize or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove alloreactive T cells (see e.g., Martin, 
PJ. et al. (1987) Adv. Immunol 4Q:379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment. 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 

20 malignancies reduces the anti-leukemic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor cells (see e.g., Goldman, J.M. et al. (1988) Ann. Intern. Med. 
ifl8:806-814; Marmont, A.M. et al. (1991) BW2J:2 120-2 130). Thus, while the presence 
of alloreactive T cells within a bone marrow graft has the detrimental effect of inducing 
GVHD, the presence of at least some T cells within the graft is beneficial both for successful 

25 engraftment and for anti-leukemic responses. A therapy that effectively inhibits the 

responses of alloreactive T cells within donor bone marrow while permitting the continued 
presence and function of other T cells within the graft would therefore be of great advantage 
in the addressing the problem of GVHD while promoting the efficacy of bone marrow 
engraftment. 

30 The induction of a T cell response has been shown to require two signals: a first 

signal provided by stimulation through the antigen-specific T cell receptor (TCR) on the 
surface of the T cell, and a second signal (termed a costimulatory signal) provided by ligation 
of one or more other T cell surface receptors. Engagement of the TCR alone (i.e., signal 1) in 
the absence of a costimulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 

35 anergy, in the T cell. A costimulatory signal can be generated in a T cell by stimulation of 
the T ceil through a cell surface receptor CD28 (Harding, F. A. (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J, Immunol. I2Z:3260-3267; Freeman, G.J. et al. (1989) J. 
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Immunol. mTlU-TIll; Fre e ma „, G .J. etal. (1991)7. Exp. Med. 124:625-631; Freeman 
G.J. et al. (1993) Science 262:909-91 1 ; Azuma, M. et al. (1993) Nature 266:76-79- Freeman 
G J. et al. (1993) 7. Exp. Med. 128:2185-2192). Additionally, B7 family members have been 
shown to bmd another surface receptor on T ceils related to CD28 termed CTLA4 (Linsley 
P.S. (1991)7. Exp. Med. 1 74:561-569; Freeman, G.J. et al. (1993) Science 262:909-91 1) ' 
The characterization of the receptors and ligands involved in T cell costimulation has 
led to therapeutic approaches based upon induction of antigen specific T cell 
unresponsiveness by blocking of a costimulatory signal in T cells. For example, a CTLA4Ig 
fusion protein, which binds both B7-1 and B7-2, has been used to inhibit rejection of cardiac 
allografts and pancreatic islet xenografts (see e.g., Turka, L.A. et al. (1992) Proc. Natl Acad 
Sci. USA 89, 1 1 102-1 1 105; Lin, H. et al. (1993)7. Exp. Med 128:1801-1806; Lenschow D J 
et al. (1992) Science 257, 789-792). Similarly, antibodies reactive with B7-1 and/or B7-2 
have been used to inhibit T cell proliferation and IL-2 production in vitro and inhibit primary 
immune responses to antigen in vivo (Hathcock K.S. et al. (1993) Science 262 905-907- 
Azuma, M. et al. (1993) Nature 266:76-79; Powers, G.D. et al. (1994) Cell. Immunol 153 
298-31 1; Chen C. et al. (1994)7 Immunol. 152, 2105-21 14). However, effective methods 
for inhibiting T cell responses in bone marrow transplant situations which avoid the need for 
general immunosuppression of the transplant recipient and overcomes the drawbacks of T 
cell deplet.on in bone marrow transplants are still needed and would have widespread 
therapeutic applications. 

Summary of the lnv ffn tiftn 

This invention features improved methods for inhibiting graft versus host disease in a 
bone marrow transplant recipient while preserving T cell mediated function against both 
tumor and pathogens in the recipient. This invention is based, at least in part, on the 
discovery that an inhibitor of a costimulatory signal in T cells can be used in vuroio inhibit 
inappropriate donor T cell responses to alloantigen andT thus, inhibit graft versus host disease 
m bone marrow transplantation. The inhibitor of a costimulatory signal in T cells is 
preferably an agent which inhibits an interaction between a costimulatory receptor on the T 
cell (e.g., CD28 and/or CTLA4) and a costimulatory molecule (e.g., B7-1 and/or B7-2) on a 
cell presenting antigen to the T cell. Thus, the inhibitor of a costimulatory signal can be. for 
example, an antibody (or fragment thereof) which binds the receptor or the costimulatory 
molecule, a soluble form of the receptor or costimulatory molecule or a peptide fragment or 
other small molecule designed to inhibit a costimulatory signal in T cells. A preferred 
inhibitor is a soluble CTLA4-immunoglobulin fusion protein (CTLA4Ig) or an anti-B7-l 
antibody or an anti-B7-2 antibody. A much preferred inhibitor is a combination of an anti- 
B7-1 and an anti-B7-2 antibody. 

According to the method of the invention, a T cell response is inhibited by contacting 
the T cell in vitro with at least one inhibitor of a costimulatory signal in an antigen specific T 
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. immunosuppressive agent (e.g., cyclosporin a; uu 
10 recipient. 

lymp J^re^on b^en HLA disparate MM. «* CTLA41g. 

lvmp „oc£reac«on b Jween *l~ individuals treated -*h etther ant,*7 > 

monoclonal antibodies, CTLA41g, control immunoglobulin (Clg) 

20 peripheral blood lymphocytes. nmliferation in response to 

it- ia nnii ?B are graphic representations of T cell proliteration in re 
FiguresSA am/ 3B are grapn, p B? . 2) or alloge neic peripheral 

either NIH3T3 cells xransfected w lt h B ^ ^ doses of CTLA4,, (belo. 

blood lymphocytes bone marrow proliferation treated witn 

1 ug/ml:Figure 3A and from 1 to 10 u^Fig- ^ n ^ rf , 

or a combination of an a»ti-B7 1 .d an an.i-B7.2 an«b^y. rf 

f igur e S are graphic rep.,— of * «su,a of T P ^ ^ 
a secondary MLR after culturing the ce»s for ft M , 1 . 1A 1 3 . ^ ^ 

of anti-B7-l antibody (a), anti-B7-2 antibody (b), CTLA41g (c) 

(d) «. ^.llnreactive precursor helper T lymphocytes (pHLT) 

FimreS depicts the frequency of alloreactive prec v „w IRinthe 

r-»7-l and an.i-B7-2 («B7-1 ♦ C.B7-2,. CTLA41 6 . or Clg. 
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c* (host, or third ^ Mlls md cllA4Ig .JJ^T *"~ 

and antibody (aB7 . 0 , b^JSSTiT^r'*" 

' ->»««- <o>B7-l + a.B7.2,, CTLA4Ig, or 01^ B? " 2 

Penned iw.rm.i-, ef , hr |n l j ||||||n 

This invention features methods for inhjbWll . 
vnro by use of at lam ... „„. . . . , 6 el:n s Pec'"C I cell responses in 

substantial elimination of at least one T cell resnoJ ^™"L refe,s 10 a "**'">" '» °' 
.yntpnoldne secretion or ^oZlt^ZZ*" 1' 
activity or amibody producUon bv B cel^ 8 " "° n ° f T ce " 

P**e "inhibiting S£ of a T , *" * fc T 10 M ™« 

•he respond of . \J^1 n 7™!" " '"^ " e " C ° mPaSS ° f 
antigen, also refej^^ ^i„ a ™ . 7 ^ " " *• T «» » <■» 

rendered unrespoTve „7T ^ ** T A T «" WWrt ° M 

eliminated i^ZT e! 72? ' ^ "—**> - 

TceiJ::^ 

»mhihi,„ f ,ea with at least one inhibitor of a costimulatory signal in the T cell An 

•fed in toZZll I! * Tf fOnM,i<>0 ° f W «»» of a second 

TCR/CD3 „ 12 8 " I**- — * tough the 

I CR/CD3 complex. ,s necessary ,„ Wuce a„ a„u g en specific response by the T cell 

_ q „ wBwuic, e.g., b /-i) on a cell presenting antigen to the T cell n 

»n a B ce 1, on a "professional, antigen-presenting ce„. or APC such I] ' 
mon^macrophage, dendritic cell or Langerhans cell, or another cel. type which ^ 

ganos such as B7-1 and B7-2 wh.ch tngger a costimulatory signal in a T 
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♦ /-„ rm x\ are collectively referred to herein as 

uihibitor is CI LA4 immun * . B? , 2 M even mor e preferred 

CTLA4 recep«or on T ceUs W h,ch bmds » <-* ln 
cosumutoory inhibto is a comb,»a.,on of an a,« B7 „ of 

anofcer embodimen,, *. «— * ^T^l/cTLM-— signa. 
5 or delivery of a costimulatory signal in a T cell by a luz 

following subsections: 



20 L 



tWVl flTr inhibiting i T cell Response 



25 



30 



of the invention are ava,lab.e n the art <e*. „ lmImm o,ech) or can be 

RockviUe. MD, or commeraaUy. e.g.. from B- „ used herein 

prepared by sundard «echni,ues for maJung ~*^T?'™^ aat of inHnu „oglob U Un 
Lers ,o ..mnunog.obu.in molecu.es and speciflcally bi „ds 

mo.ec.ue, i.e.. mo.ecu.es ma. co„<am an ^ antibody (e.g.. 

forces with) an amigen. — .,^.mr * ^ ^ 

lgG ) comprises four po.ypep.ide chams. «« ^ <">^ rf „ 

peered by disu>f,de bonds. has been « « J 
antibody can be formed by »T~££L „ -antibody", 
antigen-binding fragments are a.so .mended to ■» * Fab 
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and (vl) an Ffab'fe fiagmen, a bivtden. (ragmen, comprising ,„„ Fab lin](ed 
dtsulfide bndge a, the hinge region. A-M, can be fra^ J^J^ * 
ftag.en.ssc^.d f„ r ulilit v in the ^ manner . ^ J 
The term -antibody" is ^ tatended „ M ^*>" 

mo^eshav.ngana.Ugcnbindingporton. Furthermore, ahhough the *. domX of an 
Fv hgmen, a* coded for bv separae genes, a syndic linker can be made that d a them 
to be made as a sm gl e protein Cain ^ as single chain Fv (scFv) ; Bild e, al r m» 

mriTrr r HiK,on - <,988) ^ r 

method. Such angle cham antibodies «e also encompass « the term 

invent a ' Mib0dy "** ' " ta ^ ,ed '» «" — of 

mil 8- , 3 ~ ^ m ° leCUle ' 3,1 "" ta * a *«* ta- recepto 

etc.) an amma . ™ rt ^„ „ appropria|e ; m -immunogen- 

used hetem to descnbe a composition typically containing a p^u, orpcpttde B ^ 

moused fo, the preparation of antibodies against the protein or p^d, I," 

underwood *a, the protein or peptide can be used alone, or .inked to a caLe, as l^ate 

^ ^ tam " n0een Sh ° U ' d " ami,' 

o ^ Z, " Pro,e ' n <0P,k>na " y " 3 ""**■ » * ™< ~ amoun 

.noculated. the body wetgh, of the animal and the chosen immunization regimen, as is well 

of about 10 m.crograms to about 500 milligrams per immunization dose, preferably about 50 
m.crograms to about 50 mill.grams per dose. An immune™, preparation can allele 
an adjuvant as part of the diiuent. Adjuvams such as compete Freund's adjuvant (C F A 

avail T~ ( ' FA) ° >am " ~ - *-« ™ «- - -d « 

available commercially from several sources. 

Either soluble or membrane bound protein or peptide fragment, are suitable for use as 
an_ g e, a purifieUfoWoTprotein, such as may be isolated from a"naTural sour o ~ " 
expressed recombinant* by conventional techniques known in the art, can be directly used as 
an immunoge. Those skiHed in the art wil, appreciate that, instead of using natunuly 
occumng forms of protein for immunization, synthetic peptides can alternatively be 
employed towards which antibodies can be raised for use in this invention. The purified 
protein can also be covalently or noncovalently modified with non-proteinaceous materials 
sue .as ; lipids or carbohydrates to enhance immunogenicity or solubility. Alternatively a 
purified protein can be coupled with or incorporated into a viral particle, a replicating virus 

other microorganism in order to enhance immunogenicity. It is also possible to immunize 
an animal with whole cells which express a protein on their surface against which an 
antibody ,s to be raised (e.g., T cells or antigen presenting cells expressing surface molecules 
of interest can be used as immunogens). As yet another alternative, it is possible to use 
nucleic acid (e.g., DNA) encoding the protein or peptide of interest as an immunogen for so- 
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r»r etal (1992)WaH/™i54:"5M54;Eisenbn.un,M.D.etal.(l»«)"" 

^797; Wang. B. et a.. (.993) DM Ce« JW 1*799-005 for descr.pt.ons of geneuc 

embodiment, animals are typically ^^^ ^2^^ and injecting the 

combining about . ugto . W^^^"^^*--- -* " 5, ° 
, ^Uonin^ya.muWpie^. One mot«h *rfc«- ° 

adjuvant) by subcutaneous inject.on a, mu..,ples«e, Seventy ,1 y 

M and the s«um is assayed for specific antibody mer (e.g by 

boosted unti. the titer plateau, Also, aggregating agents such as alum can be us 

5 the immune response. mn lecules are referred to as 

Such—produced ^ 72 M —pecif.ci.ies 

■polyclonal" because the popu.at.on compr.se ^ te 

1 affinities for the immunogen. The antibody ^ . ^ A 

n^, (e.g., from the Mood) and isolated by we,, kno- — ^ me 

„ chromatography, to otoain the .gO fraction To enhanced* ^ 
antibodies may be purified by ^^^T^^LJ^ <« • 
nnmunogen. The antibody is conned wtth the so ££1* J^, „ form . 

solid phase-affixed immunocomplex. l ne oounu 
25 ^ ^"Lona, antibody" or "monoCona. antibody composition^ used 

antigen binding site. A monoclonal antibo y ^^^ 0 J 0 L antibodies 
binding rift* for a panicuiar protein «.th ^ of antibody moiecu.es 

by continuous cell lines m culture. These melude bu 256;495Jl 97 ; see also 

Bro»netal.(19Sl)J. Immunol 121. 539-46 Bro 22:269-75) and the 

Yen e, ... (.976) PMS 24:2927-3. ; and Yeh e, aU W • 4;?2) 
35 n.orerec.nthum.Bce,^ 

EBV-hybridoma technique (Cole et ai. v i y^h 

Alan R. Liss, Inc., pp. 77-96), and trioma techniques^ ^ 
Thus, a monoclonal antibody can be produced by the folio 
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— in » ta-.^StZT*' " imnUn ° W compel 
immune response. Prefely Z ™ T ' ' • m ™<"»' ancient ,o produce an 
^1**. rrereraojy, the mammal is a rodent such a* a «.kk:. . 
5 mammal is then maintained for a t.W ™ • ~ blt * rat 0r mouse - 

flow cytometry. **• - .rrnnurK,^, assay (EUSA) ^ 

10 fl» A suspension of antibody-producini! cells remn v^«. 

"creting the desired antibody is men L, 7 T! tamu,,ized °>"<™* 

mouse, is sacnaced and tma * ! ZTl ,° SUffiCie "' <«*• 
producing ce.ls may be i^Z^ZTj ™ *** **■»*• 

primed animal, Spleen ^JZtT . T ""' P"*""* 1 blood of 
15 «,ls in a physiologLHlle m^' ^ " ~ in <° 

'ymphocy.s gi., ! ni^t"^bTI me *° dS ^ " * ~ M °™ 

encoding desired immunoglobulin are im m „„ ?!! ^1' chrom osomes 
cells, generally in the ~ ofT^ " ^ ^ «" S ^ 

» "~myimacT,^ ^ 

technics; for examp.e, theF Zm ^L ,'£Z "'^ * ^ 

«~ These myeloma ,i„es are a™ i bic tm ,he 1 1 ' f 

(ATCC). Rockville. Md. Type Cu,,urc C °»«'i<"> 

cells eventually d e 0„" I l^Z '7 P — ' « '™*^ 

be isolared. V^S^^^T" T ra0n ° C ' 0nai « " 

monoclonal antibodirZl ITt ,S °"" i0 " ** purific « io " ° f *• 
Commonly used ™tn^ for ^ ^ ^ 0th " «— "-i 

P-ipitati „ i„„™tn!e 1 ^ * m0n0Cl0,,a, " db,di " ^ — - -Ute 

v. rress i y« 2 )). Hybndomas produced accordinR to these meth^c . u 
- *. - *. v,vo (in asci.es fluid) using technics JZ^Z I ~ 

culture med,um comammg high concentrations of a single 
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speoific monoclonal antibody can be harvested by decantation. filtration or centtifugation. 
Ahernaivcly, Ac yield of monoclonal anubody can be enhanced by injecung a sample of the 
hybridoma into a histocompatible animal of the type used to provide the somauc and 
myeloma cells for the original fusion. Tumors secreting the specrfic monoclonal anubody 

5 produced by the fused cel. hybrid develop in the injected animal. The body funds of the 
P ^Ttch as ascites fluid or serum, provide monoclonal antibodies in high concentrates. 
Z^man hybridomas or EBV-hybridomas are used, i, is necessary to avo,d rejecuon of 
rxenograf. in ected into animals such as mice. IrnmunodeHcien. or nude mtce may be used 
t Thylidoma may be passaged f,rs, into irradiated nude mice as a sohd sufcutaneot* 

^ Lor.ll.ured * vi,r„ and men inject mtraperitoneally into pris«ne pnmed. ,rmd,a,ed 
nude mice which develop ascites tumors secreting large amounts of specfic human 

monoclonal antibodies. „ 
Media and animals useful for the preparation of these composmons art .both well 
known in the art and commercially available and include synthetic culture n*d,a. mured m,ce 
,< ^Tenx. An exemplary synthetic medium is Dulbecco's minimal essenual medtum 

dutamine and 20% feud caf serum. An exemplary inbred mouse suam ,s the Balbfe ^ 
8 ^hen antibodies produced in non-human subject, are used therapeut.ca.ly ,n hun*n . 
me y are Cognized to va^ing degrees as foreign and an immune response may be generated 
2 0 One appro! for minimizing or ehminating mis problem, whtch tspre^ble 

" aenera. immunosuppression, is to produce chimeric antibody denvafves. ,.e.. anubody 
ITrutsZcombine a non-human animal variable region and a human constant regtoa 
s are the events of the monoclonal and pCyc.ona, anuses de^nbed 
above, but may be less immunogenic when administered ,0 humans, and therefore more 
25 Hkelv to be tolerated by the patient. N „ Q „u„ 

Application 1 73,494; Neuberger et al., PCT Application WO 6/0 533, W 
„ * ki a Sfi7- Cabillv et al., European Patent Application 125.023. Better et al. u*» 
Patent No. 4.816,567, Cabilly al J 3 M . 343 9-3443; Liu et al. (1987) J. Immunol. 
Scie«c e 240:1041-1043):Lmetal.(1987)?^SM.34-i^ nmQ mc Res 

~, ^ .i nQ87^ PMAS 84-214-218: Nishimura et al. (198/) cawc. Aea. 

Inst. £0:1553-1559). .. huma nized" by replacing portions of the variable 
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GeneraJ reviews of "humanized" chim«^ . 

c «v,„ , ™ chimeric antibodies are provided by Morrison. S I no«^ 

mclude ,o,atmg, man^g. ^ ^ ^ » ^J^~ „. 

chimeric antibodv J* " lt,bo *' pr0ducm * h y brido ™ The cDNA encoding the 

-ta— (» U.S. Patent ajjj, 10 Wjn , er; JoMS J ^^^j. 

Z lII'^' 8 " f- ^ W ° ^ « ai. PCT plication 

G«-«2.13-21 .Mom S on,S.L.«al.(1994)/.^. Aro , i ^ (I<! , sl;i us,^,^. 

oruggeman e i al. (1991) Eur J Immunol 21:1323-1326: and ) 

skilled ifr' 0 "! 1 * * <>"*' «H known to those 

5 comb T reC ° rabi " am DNA """"""^ ^ — *• - W. Kfart to a s h e 
5 comb,,™™, antibody dispiay" method, has been developed to identify and is* an ilodv 

■'J^^t^^,f. el,,,,bh,, * i,, ""^ ^ se *^8- Sastry etalT (1 989) ~ 

S Aft "nd Ortandi e, al. (1989) W ^ 

K. 3833). After ,mmu„, a „g an animal whh an immunogen as described above Uie antibcKlv 

obtammg *, DNA sequence of the variable regions of a diverse population of 
n^unoglobulin monies bv using a mixture of oligomer primers and PCR. For instance 
2 £ 8 t° >*"» —»ndi„ g to the 5' .eader (signal r*ptide) se,ue„T 
and/or framework 1 (FR Dseouences, as we,, as primer to a conserved IcHjL 
■ pnmer can be used for PCR amplification of the heavy and light chain variable regZL 
a number of munne antibodies (Llrrick elal . (1991) BloKcnni^s MS2-m) A siluT 

human anubod.es (Larricke, al. (19,1, A,„W„ Companion to MetHoas ,„ ^ymo,^. 
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u Ai^nt RNA is isolated from activated B cells of, for 
As an illustrative embodiment, KNA is isouucu . MAur A 

protocols (e.g., U.S. Patent No. 4,683502, <*-*•• 244:1275-1281.) First- 

^d cDNA is synthesis - J ^ for ^ signal seouence. 

chain(s) and each of the K and X hgh. chatns, --"J ^ ^ chains « 

I5 expressedbya^ationo^^ 

form an antibody djsplay library. Ideally, tne o P f raoid sorting after each affinity 

sepamion round, and easy tsolatton of the ' libr aries (e.g., the 

ion ,o commercially available ^rg*era M ^ ^ 

Sa r/Z4f TM phage display kit, cautlog no. 240612). «™» ^ „ e found 

pa iu,arly amenabie for use in generaung a ^ ntemolional PubHcat.on 

to for example, Ladner et al. U.S. Paten. No. 5,223,409. Kang e ^ 

25 International Pubhcatron WO 9 ^ 07 ' , p T WQ 93/01288; McCafferty e. al. 

92/.5679:BreiUin g e.aUn™ ^b^ et „ Mio ^ p^on No. WO 
International Publicatton No. WO 92/01047, uarr ^ 9)) 

,2,09690; Ladner e, a., .ntemationa, Pub J^U- *~ - 

30 al. (1989) Sce-.ce 246:1275-1281. onntn Nature 252:624-628; Gram et al. 

„«, ^.3576-3580 , Garr* U a («.«*. pN , s8S:7978 . 7 ,82. 
et al. (1991) N«c A*f Jt« 1*4133-4137, and » filanlentous phage), the 

Once displayed on the surface of a ^ "fT^^ t0 id e„«fy and isolate 
, 5 antibody library is screened with a protein, or T*££Z£Z Nucleie aeid encoding 
phages tha, express an antibody h^rf ^ phage 
the select antibody can be recovered from the d«p y 9 DNA 
genome) and subcloned into other expression vectors by sum 



techniques. 
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In anothw embodiment of tiK di _ |av ... 
domain of ^ ^ u JJJT* «-« approach, ft. V region 

'inker to form a single . chain Fy ^J™," ^ — P°'yPep*ie. joined by a flexible 
M«d expression vector or ptag e Zll /* " ■*"*»* — - * 

flexible (Gly 4 .Ser> 3 linker can be ^ T ° f " »W, joined by a 

* Package separable ba^ ?,* ^ **" - 

inmtunoreactive with a parties anuw f^' ^ KFV <m,ibodi « 

A Soluble Protons and Fusion Protons 

In another embodiment of the invent™ ™ 
soluble f„ m of a costimulatoty J££Z s JT* '° " T " a 

molecule on the surface of a cdl „hTZ ^ °f a T cell, or a a costimulatory 

' 5 capable of inhibiling . intera : h^XrT ? ™ S "~ «^» - 
(and/or inhibiting « h^™^ *» molecule a*, its liganll(s) 

specificity and its ligmrf (s)) . For * T """"S Stai,ar ""ding 

Reused. A prefer JS,^^^*™*™ a„d.rB7.2cL 
"nsplantarion is a soluble form of a T " ^ ' 

interaction of B7-1 and B7-2 with CD2S j£ ^ 811 ^~2, and can inhibit the 

"-.eotideseouenceencodingmelrceur,, N "'* 
« protein „ fi nteres. (iA*^^ " POni0 " • herc00 «*~ 

cytoplasmic domains) can be isolated a M 7 T ° f "* 0 >»*memb ra ne and 

appropriate host cell (e.g.. £ c<)/ , for "■""•»" is "—"-I *• an 



30 



35 



appropriate host cell (e.g.. £ for Dm . "I"*'™' vector is introduced into an 

COS. CHO^XtZZEr °" Ce,t ~ castor mammalian cells, e.g 

~„ of me protein enc^l™.' ^ " ^ » f " 

■echnioues fa. harvested host celkT f 2 " *" * *— ' 

media in which me ceUs J^"' " "* >»- " from me cells, from „ e 

•«* »im a second prltein o, p^T I' " T ****** " ""^ M * 
» " Protein composed of a to, pZZ £ " "* <m » Protein" refers 

PoWde. A preferred type Jr^^T' " * ^ hettr ° te ^' 
mven-ion is an ^g^in ^ ^r^^* 

«— Protein" re fers ,„ a fusion protein in whi h L « ,e ^ ^ " i °™ Un °*'° b * 

second, heterologous polypeptide is an 
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inununglobulin constant region, or portion thereof. Immunoglobulin fusion proteins have 
been described extensively in the art (see e.g., U.S. Patent No. 5,1 1 6,964 by Capon et ah; 
Capon D.J. et al. (1989) Nature 232:525-531 : and Aruffo, A. et al. (1990) Cell 61:1303- 
1313) and typically include at least a functionally active hinge region, CH 2 and CH 3 

5 domJns of a coiistant region of an immunoglobulin heavy chain (e.g., human C Y 1,Cy4). 
Construction of a B7-l-lg fusion protein and a CD28Ig fusion protein is descnbed m detan n> 
Linsley, P.S. etal. (1991)/ Exp. Med. 121:721-730. ^^f^^Z 
protein is described in detail in Linsley, P.S. et al. (1991) J. Exp. Med. 124:561-569 and 
Girnrni, CD. et al. (1993) Proc. Natl. Acad. Sci USA 20,6586. Other Ig fusion protems (e.g., 

1 0 B7-2-lg) can be similarly prepared. 

C. Additional Blocking Agents _ w : rtn 
Alternative to an antibody (or fragment thereof), soluble receptor or hgand (or portion 
thereof), other molecules which inhibit interactions between cell surface molecules are within 

1 5 the scope of the invention for use in inhibiting T cell responses. For example a pept.de. 
peptide mimetic, or other form of small molecule (such as a drug) which mh.b.ts an 
interaction between a receptor and a costimulatory molecule can be used to mh.b« a 
costimulatory signal in a T cell. Similarly, a peptide, peptide mimeuc. or other form of small 
iLcuMsHdrug) which inhibits adhesion or a T eel, to a cell presentmg ant.gen to 

20 the T cell, or inhibits an interaction between a T cell growth factor and its receptor on a T 
cell, can be used as a second agent in conjunction with a copulation inh.bnory agent to 
inhibit a T cell response. 

interfere with the formation of an intracellular signa«s) associated with a pamcular stgnal 
lotion pathway can he used to unribi, a T cel, response. For example a —on 
inhibitory agent as described herein can be an agent that acts mtracellularly to mruta, a 
"cU-associated signal transduction pathway. CD2 8 s,.— has b«„ shown 
30 ,„ result in protein tyrosine phosphorylation in T cells (see e.g„ ^« e '^. 

(1992) J Exp Med 115:951-960; Lu, Y. etal. (1992) J Immunol. 142.24-29) N Accordmgly. 
rroinetTnase tahibitor. such as hcrhimycin A. can be use. to inhibit a CD2S-assoc,aKd 
i^sductionpathway. thereby inhibiting generation o, a costing 0£J- - * * 
ce 1. Alternatively, a CD2 8 -associated signal transduction pathway can to**£Z2T 
35 agent which stimuiates protein tyrosine phosphatase acavtty ,n . T cell, thereb 
I net amount of protein tyrosine phosphorylation. For example, an ^ 
against the cellular tyrosine phosphatase CD45 can be used to sttmuUtte tyro me pho^hata* 
a T eel, ^pressing CD45 on its surface. Omer intracellular signals report* to* 
«s2ed with CD2 8 ligation include increased phospho.inase C act,v,.y (see e.g.. Nunes. J. 
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UoW, j A « al. (IMCa^aiai-IO* According,,, an ^ ^ 

pho^phofpase C activity and/or inhibit, iocreases in 

to .ntabtt the generation of a costimulatory signal in a T cell. 

£. Compositions 

The agents used ,„ v//ro according to the described methods to inhibit a T cell 
response can be formulated into pharmaceutical compositions suitable for admimstration ,„ 
v.vo to a bone marrow transplant recipient following transplantation. Accordingly, another 
aspect ofthemvennon pertains to pharmaceutical compositions. A preferred composition of 
the mvennon compnses a CTLA4Ig fusion protein, in an amount effective to inhibit a T cell 
response, and a pharmaceutical^ acceptable carrier. 

The agents of the invention are administered to subject, in a biologically compatible 
form su,table for pharmaceutical administration /„ v/vo to inhibit a T cell response By 
b.olog.cally compatible form suitable for administration ,* v,v 0 » is meant a form of the 
protean to be administered in which any toxic effects are outweighed by the therapeutic 
effects of the hgand. The term subject is intended to include living organisms in which an 
.nunune response ^ ^ e g ^ 

monkeys, dogs, cats, mice, rats, and transgenic species thereof. 

Administration of a therapeutically active amount of one or more of the agents 
desenbed herein is defined as an amount effective, at dosages and for periods of time 
neces to achieve the desired result. For example, a therapeutically active amount of a 

CTLA4Ig Nonprotein may vary according to factors such as the disease state age sex and 
weight o the individual, and the ability of the fusion protein to elicit a desired res^nse in the 
.ndw.dual Dosage regimens may be adjusted to provide the optimum therapeutic response 
For example, several divided doses may be administered daily or the dose may be 
-propomonally reduced as indicated bythY^eSs^e merapeutic situation 

The act,ve agent (e.g., antibody and/or fusion protein) may be administered in a 
convement manner such as by injection (subcutaneous, intravenous, etc.), oral administration 
.nhalanon, transdermal application, or rectal administration. Depending on the route of ' 
admmistranon, the active compound may be coated in a material to protect the compound 
from the acuon of enzymes, acids and other natural conditions which may inactivate the 
compound. To administer an agent by other than parenteral administration, it may be 
necessary to coat the agent with, or co-administer the agent with, a material to prevent its 
macnvation. An agent may be administered to an individual in an appropriate carrier or 
diluent co-administered with enzyme inhibitors or in an appropriate carrier such as 
liposomes. Pharmaceutical^ acceptable diluents include saline and aqueous buffer solutions 
Enzyme mhibitors include pancreatic trypsin inhibitor, diisopropylfluorophosphate (DEP) 
and trasylol. Liposomes include water-in-oil-in-water emulsions as well as conventional 
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Hposomes (Strejan si aL, (1984) J. Neur 0 imm««o/ 2:27). Dispersions can also be prepared in 
« liquid polyethylene glycols, and mixtures thereof and in oil, Under ordinary 
conditions of storage and use, these preparations may contain a preservatwe to prevent the 

growth of microorganisms. 
5 Pluumaoeutical compositions suitable for mjectable mclude stenle aqueous 

solutions (where w«er soluMe) or dispersions and sterile powders for the extemporaneous 
ZZZL of sterile injectable so.utions o, dispersion. In all cases, the composmon must be 

must be nuid to the e«en, tha, easy syringability exists. it must be sable under 
Tllons of manufacture and storage and must be preserved again* the —aung 
,0 anion ofmicroorganisms such as bacteria and fungi. The earner can be a solve* or 
dCrsl medium containing, for example, water, an isotonic buffered sahne solution, 
";. y o. (for example, glycerol, propylene glycol, and liquid polyetheylene 
2 like \ mt suitable mixtures thereof. Tlte proper fluidity can be matntamed, for example 
by me t of a coating such as lecithin, by the maintenance of the required pamcle s,ze ,n the 
,5 1 Won and by the use of surfactants. Prevention of *e action of = an,sms 
can be achieve by various antibacterial and antifungal agents, for example, parab^ 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, . w.11 be 
p^lle to include isotonic agents, for example, sugars, polyalcoho is such as rnamtol. 
Lbitol, sodium ch,oride in me composition. Prolonged absorpnon of the 

absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by mcorporattng the acve agen, ,n the 
required amount of an appropriate solvent with one or a combination of "J*"" 
enlterated above, as required, followed by fiuered sterilizanon. Generally. d,spers,ons are 

Z"tn mediuTand the required other ingredients from those enumerated abovejn the 
Z« -rile powders for the preparauon of sterile injectab,= so.ut.ons . *= P^™d 
methods of preparation are vacuum drying and freeze.dry.ng whtch y.elds a powder o the 
(e.g„ protein, plus any additional desired ingredient from a prev.ous,y 

carrier. As used herein "pharmaceutically acceptable earner mciu ? 

35 delayng agents, and the l,ke The use ofs ^ ^ ^ ^ ^ 

cuhQtances is well known in the art. fcxeepi uimjioi « j ... 
ot^nl with the active compound, use thereof in the therapeutic composmons , 



compositions. 
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I. s .speedy advantageous ,„ foraullate cm ^ lkm „ 

to Z£T~"? ""^ ° f ^ ^ "* fom - — ^ i*. 

.o physicaHy discrete units suited as unitary dosses fo, the mammalian subject to be 

^each um. opting a predetermined quantity „f active mmpomd w 
P^duce the desired therapeutic effect in assertion with Ute required pharmaceutical earner 
The specification for the dosage unit forms of the invention are dictated by am) directly 
dependent on (a) the unique charaaeristics of the active compound and the particular 
fcerapeutic effect to be achieved, and (h) the .imitations inheten, in the art of compounding 
such an active compound for the treatment of sensitivity i„ individuals. 

II- Uses of th> livcnlif n 

The methods of the invention can be used to inhibit T cell responses to vUro by 
conjaemtg a T cell with a costimulation inhibitory agent as described herein. Accordingly 
* term contacting- as used herein is intended „ in c,ude incubating (or cuhuring) a T cel'l 

desirable to inhibit an unwanted T cell response, as described in further detail in the 

anuTcT f °" 0W ' Addi,i ° ,,ally • " °" e fc ^ ° f *• 

antigenic nonresponsiveness .„ a T cell that persists after cessation of treatment (i e 

antigenic nonresponsiveness persists to vivo after contacting T cells to v«ro with a " 

ul~T t " ■""^ ' ^ f ° r inhibi,i ™ *T ceH responses wiihou! 

UK need for chrome generalized immunosuppression of a subjec, with its anendan, 
deletenous side effects. 

The methods of the invention are particularly useful for inhibiting graft versus host 
disease which results from allogeneic bone marrow transplantation. It has previous* been 
observed that the presence of mature donor T cells within a bone marrow graft ,s beneficial 
-bothfo™^ 

presence o mature donor T cells in the graft induces GVHD. Responses of alloreac'tive 
donor T cells can be inhibited by contacting the T cells ,* vitro with a costimulation 
•nhibitory agent (e.g.. a costimulation blocking agent, such as a combination of an anti-B7-l 
and an ant,-B7-2 antibody, or CTLA4Ig). Such treatment allows mature T cells to be present 
within transplanted donor cells, thus avoiding GVHD and promoting bone marrow 
engraftment. Moreover, T cell unresponsiveness to alloantigens is induced, thereby 
providing long-term inhibition of T cell responses without the need for continuous treatment 
3D oi the bone marrow recipient. 

Because the T cells to be inhibited in a bone marrow transplant situation are donor T 
cells which are available in vitro prior to transplantation, alloreactive donor T cell responses 
can be be inhibited /„ vitro, or inhibited in vitro followed by an in vivo treatment regiment 
Accordmgly, graft versus host disease in a bone marrow transplant recipient is inhibited by 
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another . LlT^on „ f an an,i-B7, antibody and an 

a much preferred embodiment, the agent is wWch ^ 

, ^r*"" 1 

me ce.,s are irradiated and,or treated ^ ^ „„ inhibito ry agents) 

In the method, the populate of donor cells comae 

^udemauredonorTc*. 

can be. for example, the bone marro» ee U themse ^ « ^ ^ „ f 

mat ure donor T cells can be donor ^^^JLa T ce.ls or 

of donor T cells. When non-bone nwrov T cells e*. P P ^ .^.^ 

s p,enocy«s) are used asthe source of mature T ceU »h ~ ^ ^ non . 

the recipient (if the donor ce„s used m me „ maIurc co „ 0 r T cells. , 

e. 8 .. if peripheral blc*d ce.ls or splenocyKS « 
25 to T.eUdeple,edbo„emar,o„ce,lsareal^^ 

,„ another the inhibitory a 8 en,(s). That is. a 

™ S — : n. rierences. paten, and published paunt 
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CTLA4.g or cXo. Z TT 7 CO '" ai ° i " 8 ° nly ^ 

> the addition of CTLA4Ic ZZ , ? reSP °" Se °" a " >Und "*> ^ l ° ««•«. 

cul^ produced large „„, of ** *• ~ - *• con.ro, ,g treated 

' <h= T cell proiiferation n,™„ f T P8/ml) • * Cy,0ki,K """^ <° ■* for 
«20 pgj). ^ ,reated faited «> I"— -V detectable IL-2 

anti B7-1 and anti-B7-2 mAbs (\0 ua/ m n ^ / ,7 combination of 

«- • t- 1116 combination of anti-B7-l and ami R7 ■> 

efficient at blocking peak proIif erat ion than wither CTLA4 JJJ, ^ L ^ 

alone (p<0.005). g ^ <0 05 ) or anu-B7-2 mAb 

(B) This experiment demonstrates the utility of CTI A4lo :„ * u 
derived svstem ir, ,u . , y ^A4Ig m a bone marrow 

pulsed with [ H]-thymid.ne overnight between days 2 and 3 of culture 1„ assav* wh,„ 
*e conation was p^ded by the a, logeneic pBLs> fc ^ ^TlST 
**rnd,„e overntgh, between days 4 and 5 of culture. The amount „ f radiL^ty 

'^™'™'*dividin,re S po„derT^ ^ 
tunc points were chosen ^ ^ ^ ^ ^ P =„„„. These 

prohferauon maxima. The results of these experiments are shown in the Figures 3A and 3B 
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where the line labeled PBLs represents the data obtained with the allogeneic stimulators and 
the line labeled t/B7-l or t/B7-2 represent the two transfected cell lines as costimulators. 
This data represents the mean data from six experiments. 

Figure 3A shows the inhibition of donor marrow proliferation by amounts of 
CTLA4Ig below lug/ml. Treatment with 0.01 ug/ml of CTLA4Ig had no effect on the 
proliferative response of the donor bone marrow. Treatment at doses from 0.1 to 1.0 ug/ml 
greatly reduced the proliferative response to the two transfected cell lines and reduced the 
proliferative response to the allogeneic PBLs to background levels. Figure 3B shows 
inhibition of T cell proliferative responses at CTLA4Ig treatment levels from 1 to 10 ug/ml. 
The proliferative response to the human B7-1 transfected cells is completely inhibited by 
CTLA4Ig levels of between 2 and 5 ug/ml. The proliferative response to the B7-2 
transfected cells and to the allogeneic PBLs is completely inhibited at CTLA4Ig levels of 2 u 
g/ml and 1 ug/ml, respectively. Since the proliferation driven by the allogeneic PBL was 
almost completely inhibited by 1 ug/ml of CTLA4Ig and was completely inhibited by 2 u 
g/ml CTLA4Ig, a dosage of 10 ug/ml of CTLA4Ig was selected for use in all subsequent 
experiments. 

FY AMPLE 2: ftfr^rf* nf B7 fr mllv mediated costimnlation SPffffifnllV i nh i b i ts 

p nl if f rati "" " P™ rechaiienrf with donor but not third party 

allnantifen 



To determine whether agents which block proliferation in a primary MLR inhibit 
proliferation upon rechallenge in a secondary MLR, the following experiment was performed. 
25 Normal peripheral blood cells mononuclear cells were cultured with irradiated 

(2500cGy) normal donor peripheral blood mononuclear cells of fully HLA mismatched 
subject in the presence of an anti-MHC class II antibody, an anti-ICAM-1 antibody, 
cyclosporin A (CsA). CTLA41g, an anti-B7-l antibody, an anti-B7-2 antibody, or a 
combination of an anti-B7-l and an anti-B7-2 antibody at a final concentration of 10 
30 cells/ml. The antibodies and CTLA4Ig were added at a concentration of 10 ug/ml. 

Cyclosporin A was used at 10-3 M . The cells were incubated for 6 days, following which 
viable cells were isolated and rechallenged with irradiated allogeneic cells from the ongmal 
donor or from a third party donor. No blocking agents were added to this secondary MLR. 
Proliferation was examined daily for 7 days by [3 H ]-thymidine incorporation assays. 

The peak proliferation for each condition are represented in Figure 4. The results 
indicate that when only media had been added to the primary MLR, a typical secondary 
response ensued characterized by significantly greater and earlier peak proliferate against 
donor compared with third party alloantigen (peak at day 3 versus day 6, respectively). 
Addition of CsA to the primary MLR prevented the secondary response and resulted m 
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decreased levels of peak proliferation against both donor and third party on day 5. Addition 
of anti-Class II or anti-ICAM-1 mAbs during the primary MLR resulted in equivalent levels 
of secondary proliferation against both donor and third party that peaked on day 5 and 6. The 
absence of a secondary response following blockade of antigen recognition or adhesion 
demonstrates that alloreactive T cells to alloantigen. In contrast, complete blockade of B7 
family mediated costimulation during the primary MLR with either CTLA4-Ig or the 
combination of anti B7-1 and anti-B7-2 resulted in markedly decreased proliferation to donor 
but had no effect against third party. Therefore, complete blockade of B7 family mediated 
costimulation but with intact alloantigen recognition and adhesion is necessary to induce 
alloantigen specific anergy. 

EXAM PI, F, 3; Mai i mal hYnftresnonsivfne«s indued hv M ^ d* »f r?.i am | 
B7-2 costimulation is nrhipy ed within f. ft nr , 

This example analyses the time of inhibition of costimulation required to obtain 
maximal hyporesponsiveness for different agents blocking costimulation. 

In this example, the same assay as that used in Example 2 was used. Cells were 
cultured in a primary MLR with the addition of anti-B7-l , anti-B7-2, a combination of anti- 
B7-1 and anti-B7-2, or CTLA4Ig. After various times, viable cells were isolated, re- 
challenged with irradiated cells from the original donor with no blocking agent added and 
proliferation assessed daily for 7 days. Peak proliferation obtained on any day in the 
secondary MLR was assessed by [ 3 H]-thymidine incorporation. 

The results are presented in Figure 5. The results indicate thai addition of anti-B7-l 
mAb in the primary MLR resulted in only modest inhibition of proliferation on rechallenge 
whereas the addition of anti-B7-2 mAb was significantly more efficient. The maximal effect 
ofanti-B7-2 mAb occurre d by 36 hour in primary culture whereas with anti-B7-l mAb this 
was not observed until day 6. Maximal hypoTes^^enessTe^eo^^^ 
and B7-2 by the addition of either anti-B7-l and anti-B7-2 mAbs or CTLA4-lg and was 
achieved within 36 hours. Addition of isotype matched control mAb or control-Ig fusion 
protein had no effect. 

Thus, maximal hyporesponsiveness was obtained by incubating the cells for 36 hours 
with anti-B7-l and anti-B7-2 antibodies. 

E XAMPLE 4; Reduction In The Freqi.en cv Of Allnreartive PrPmr^r Helper T 

Cells WithTTI A 4 f e 

This experiment assays whether CTLA4Ig or anti-B7-l and/or anti-B7-2 antibodies 
used to induce anergy in donor T cells to the alloantigens on recipient stimulator cells would 
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W ,„ the deveiopmen, of a subdue* hypo - *- °"' S 

affecting the ability of the donor T cells to respond to third party anugens^ 

Non-reacUviV in a matched sibling MLR is a poor predictor of subsequent OVHD. 
, .JT^Lfc- sibling BMT recipients, ahigh fluency of ***** donor 

1 subsequent deve.opmen, of acute OVHD (Theobald M e t>1 . 
C 72*, J Med. 222, 1613; Schwarer, A.P, « a). (1993) M XL »> 
Wot frtlcyof precursor He.per T Lymphocynes (pHTL) in HLA matched 
X^HocLie of B7 family mediated —ion during the pnma* culture 

, " Viator ce.ls a, ,0« cel.sMeU were irradiated (25 Gy) and mixed with W* 
1 urn-rad^^cr^^^ 

' f land CTLL 2^s weL added and the culture was continued for a nuther 
u ufT frenuencies were calculated from the proportion of wells negative u- 

manipulation the pHTL frequency ^ frequency. Complete 

!0 10 -7. culture with media during primary Tl^Z^^J*-** of 
bl „ckade of B7 family mediated cost.mula.ron by e.ther UK ddmon . 
^.BT-l and an.i-B7-2 or CTLA4-lg during pnmary mAb or 

pHT L frequency ag^ns, donor "J^^" ^P™<*«* 
comrol lg had no effect whereas an.,-B7-2 had very m 
25 achieved with complce B7 blockade were cons,s«n.ly <1 x 10 to. 

associated with development < °f °™D. or in MLRs from 

Since the presence of ant.-B7- 1 and am. » on 
Mly HLA ma,ched siblings results in reducuon * ^« J ^ ftom Mly 
rechallenge, the effect of these agents on pHTL *W» of MHC nismatch ed 
30 HLA mismatched individuals. ^"mulator ce.ls were .es,ed as 

combinations of donor bone marrow and ,nad.a«d allogen of 
fo „ows. Donor marrow and stimulator cells were , ncu* ^ or 
ehher CTLA41g. isotype mauhed comrol lg pro,e,n. anu^AM £ 
cy c,„sporine A. The resuUs ofhese expe— « ^ „ 
35 —onofdtedonor.nem^ 

lg cyclosponne A, or CTLA4ig e ^ ^^^t 

of bone marrow cells. Identica! ^^^Zn .relent — *« 
as in me untreated, freshly P^". of allM eac,ive precursor helper 

marrow/stimulator cell mixlure w,th CTL A41g. rreq 
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BFU-E 

BFU-E/1 00,000 bone marrow cells 



Direct assay 



TABLE 1 



Patient 


Pre | 




» 


treatment 


Mean 


i 


232 


ND 


2 


293 


302 


3 


570 


578.7 


4 


456 


389.3 


5 


416 


495.3 


6 


593 


597.3 



Media 



SO 
ND 
37.3 
63.3 
18.8 
S9.9 
38.6 



Mean 
425.3 
340.7 
510.7 
376.7 
512.7 
408 



Control Ic 



GTLA4lc 



36.4 
45.8 
30.8 
30.3 



_Mean 
453.3 
291.3 
608.7 
429.3 
515.3 
610 



SD 
148:9 
29.3 
20.8 
60.1 
23.1 
44.3 




CFU-GM 

CFU-GM/100,000 bone marrow cells 
Direct assay 
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anergized by treatment with CTLA4Ig is imponan ^dated with the 

. f r win after bone marrow transplantation is directly assume 
development of GVHD after bone m v calculated using a 

limiting dilution assay <LDA) in whicn ^ from these cultures were 

' ° n ' L " 2 ' , u .WT Vau-rcy found in the donor marrow after anergization for 
FigOT 7 show.d.e p.TL ^-ncy^ w in a* flgure rep^sents the 

48 hours in the presence of 10 ug /ml of CTLA4Ig. P ^ ^ 

M obtained from a different donor marrow MHC m smau M J , 0 , 

pair. Untreated cells incubated in media aione show a P HTt _^^ 

5 In tested against the original stimulator ce 1 — — 

marrow anergized by treatment wrth CTLA41g snows , ,„.,) 

m when t es»d against the original s«m*or ce s *pp— y ^ ^ 
Action in pHTL frequency is approxrm«e.y 1 000 «* ^ » 
2 „ pHTL frequency towards the allogenic atmulato ^ ^ ^ marrow ^ 

the original stimulator cells. The frequency 01 p anergized donor 

. , n -» xv«. r>HTT freauency determined for the response 01 a. 6 
approximately 10-. The pHTL frequency ^ This 

marrow against third party cells » comparable with that foun § 
25 demonstrates that the anergization of the donor marro* b to the 
f <-tt a 41 o results in the generation of a hypo respons. v Ct 
in the presence of CTLA41g g resp onsivenes S to other alloantigens. The 

tolerizing stimulator cells but has no effect on the -J" of 

specificity of this induction of ~ 6 "^ antibody to the 

i. .iikrn A4Is was shown by testing the enectoi a ni«. 
cos«mulanonw.u.CTLA41g was ' lncublt ion of the donor marrow and 

30 cell adhesion molecule 1CAM on the pHTL . fm™^ ^ , tad 

stimulator cells cultures in the presence of '°^'° f ^„ rMUs or)0 .bird party cel^ 

The pHTL frequency to both cell types is compar 

or cyclysporine A to the donor marrow, sumu^r ^ ^ 
period had no effect on the pHTL frequency when <-*»^ oem „„stra„ng that 

L pHTL frequency (10-) « comparable » " a«d with CTLA41g was no. 
dramatic reduction seen in pHTL frequency ,n cultures treated 
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due to the effect of the Ig sequences, nor was it due to a general hnmun, 

obtained with cyclosporine A. '^^suppression as can be 

In another example, the efficiency of anti-B7-l anti R7 ? ™ f 
anti-B7-l and anti-B7-2 in decreasing the oHTL fT ^^'^^^ombmationof 
5 donor alioantigen on rechallengTZ e ^ tT^ *** ~^ 

mAbs alone had only modest effect on nwn e~ , lor «iti-B7-2 

■here is a ^ ° ^ C0 " SiS,e '" "* "» ' «- 

rcuuction in pHTtsufficient to reduce or eliminate r,vun c 

anti-B7-l and anti-B7 2 ant.W Furthermore, the combination of 

ana anti-B7-2 antibodies was consistently more efficient than CT\ A/i ■ u. ■ • 

proliferation in a primary and a secondary MLR wiL fuHv HI A I\ ™ " g 

> -ipient cells and in decreasing pHTL^ue "i T ^ 

EXAMELE5: ^^^^ 

This experiment was conducted to determine the effect of treatment with CTLA41e on 
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medium which contained growth factors appropriate for human cells. These assays were set 
up in triplicate for each patient's marrow sample. After 10 days of incubation, the: number of 
erythrocytic (BFU-E) and myelomonocytic (CFU-GM) colonies were counted. The LTCIC 
colony forming assays were performed using a limiting dilution analysis. The donor bone 
5 marrow sample was washed and dilutions from 40,000 to 625 cells were added to m.crottter 
wells previously seeded with 3000 irradiated stromal cells. After 5 weeks in culture, the cells 
were gently trypsinized to release cells and then methylcelluiose medium *°»* 
factors was added to each well. The appearance and number of BTU-E and CFU-GM 
colonies was measured after an additional 10 days of incubation. These results are shown m 

10 Table I for six of the patient samples. 

The direct colonv forming assay shows that there are similar numbers of BFU-E and 
CFU-GM precursors in all six patient samples tested regardless of whether the assays were 
performed on donor marrow before treatment or after culturing donor marrow with irradiated 
Emulators for 48 hours in the presence of medium alone or in medium ^containing control Ig 

15 or CTLA4Ig. Similar results are seen in the three patient samples tested by the LTCIC 

methodology. This method is a more sensitive measurement of damage to stem cells than is 
the direct colony forming assay. All three patient samples tested have similar numbers of 
BFU-E and CFU-GM colony forming units after treatment as did the fresh donor marrow 

20 SamPlC The experimental data presented in Table I shows that the culturing protocol 
developed for the anergization of donor bone marrow to sensitizing alloantigens by the 
treatment with CTLA4Ig had no detrimental effect on the donor bone marrow. The donor 
bone marrow had the same number of cells before and after treatment. The donor bone 
.arrow retained a full complement of lineage specif, blood cel, precursors as demons,, 

donor bone marrow exhibited a dramatic and specific decrease ,n the response ss to the 
sensitizing alloantigens while it retained a full ability to respond to third party cells. Ttus 

of Responsiveness of the donor bone marrow to the sensitizing cells after treatmen with 
CTLA41g was as expected based on previous in vitro and in v,vo studies. The loss of onor 
30 ma^ow responsiveness to the sensitizers suggests that transplantation of sunilar y treated 
Zow into the appropriate recipient will be safe for the transplant recent and may result 
in a reduction or elimination of acute GVHD in the transplant recipient. 
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Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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H AIMS 

1 A method for inhibiting a response by a T cell to an antigen, comprising 
contacting the T cell with and agent which inhibits a costimulatory signal in the T cell, 

5 thereby inhibiting the response by the T cell to the antigen. 

2 The method of claim 1, wherein the agent inhibits an interaction between a 
receptor on the T cell and a costimulatory molecule on a cel. presenting antigen to the T cell. 



10 3. 

4. 



15 



5. 
6. 



The method of claim 2, wherein the receptor on the T cell is CD28. 
The method of claim 2, wherein the receptor on the T cell is CTLA4. 
The method of claim 2, wherein the costimulatory molecule is B7-1 or B7-2. 
The method of claim 2, wherein the agent is a soluble form of CTLA4. 



7. The method of claim 6, wherein the soluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 



20 



8. The method of claim 2, wherein the agent is an anti-B7-l antibody, or 

fragment thereof. 

9. The method of claim 2, wherein the agent is an anti-B7-2 antibody, or 
25 fragment thereof. 

10 . The method of claim 2, wherein the agent is an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof. 

30 11. The method of claim 1 . wherein the agent acts intracellular* to inhibit 

generation of a costimulatory signal in the T cell. 

12 . A method for inhibiting ^ versos *- * ' 'T^ST 
recipient, comprising contacting a fir,, population of ce.is compnstng donor T ce,.s 

" a)a second popuiation of ceils which express recipient alloantigens; and 
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b) an agent which inhibits a costimulatory signal in the donor T cells 
the agent thereby inhibiting a response by the donor T cells to the cells which express 

bone marrow transplant recipient, graft versus ho, disease in the recipient is inhibited. 

13. The method of claim 12, wherein the first population of cells is selected from 
a group cons,sting of bone marrow cells, peripheral blood cells and splenocytes. 

14. The method of claim 12, wherein the agent is a soluble form of CTLA4. 

TTT A/ 5 " ^ TO* ° f C,aim M * WhCrein ** S0,Ub,C form of CTLA4 » a human 
CTLA4-immunoglobulin fusion protein. 

16 The method of claim 12, wherein the agent is an anti-B7-l antibody or 
15 fragment thereof. y ' or 

17. The method of claim 12, wherein the agent is an anti-B7-2 antibody or 
fragment thereof. J 9 

20 anti R7 ^ • J"T ^ ^ ^ ^ ** * m ^body and an 

anti-B7-2 antibody, or fragments thereof. 

or c eIk le ^;:r d of claim ,2, *** c — g - *- — 



25 



recipient 0 ~ ""^ ^ * COmprisin S Ministering the agent to the 



30 
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FIG. 2 
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[3h] Thymidine incorporation 

(cpm x 10" 3 ) 
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FIG. 3B 
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FIG. 4 
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FIG. 5 
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FIG. 8 
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